Background: Several studies reported that curcumin supplementation could improve non-alcoholic fatty liver disease (NAFLD). The aim of this study was to evaluate the efficacy of curcumin/turmeric supplementation on liver enzymes in patients with NAFLD. Methods: PubMed, Scopus, Web of Science and Google Scholar were systematically searched until December 2017. We included randomized controlled trials (RCTs) which examined effect of curcumin/turmeric supplementation on NAFLD in adult participants. Main outcome was alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Potential risks of bias (ROB) were assessed by using Cochrane ROB tool. Results: All included studies showed low ROB in most of item of Cochrane ROB tool. Meta-analysis of 4 randomized controlled trials including 228 subjects showed a trend toward significant reduction of ALT blood concentrations in subgroup with ≥1000 mg/day curcumin supplementation (-11.36 IU/L, 95% CI: -22.75 to 0.02; I 2 :51%). Meta-analysis showed a significant reduction of AST in studies with 8-weeks administration (-9.22 IU/L, 95% CI: -12.77 to -5.67; I 2 : 49%). Conclusion: This review suggests that curcumin/turmeric might have a favorable effect on NAFLD in higher dosage. Further high-quality studies with large-scale and higher dosage are warranted.
Introduction
Nonalcoholic Fatty Liver Disease (NAFLD) is known to be the most prevalent hepatic disorder that characterized by excessive hepatic fat accumulation, in absence of remarkable alcohol consumption. 1 It affected people around the world in range of 25-30% in developed and 6-35% in developing countries. 2 Although many aspects of NAFLD pathogenesis are not yet fully understood, metabolic disturbances such as excessive fat accumulation and insulin resistance play an important roles in the pathogenesis of NAFLD. 3 In modern medicine, adherence to life style and dietary modification is a first strategy for NAFLD management or/and prevention of disease progression to cirrhosis and hepatocellular carcinoma. 4, 5 However, many patients fail to comply the lifestyle modification. 5 Owing to the growing prevalence of NAFLD and paucity of beneficial remedy, a surge of interest to detect novel effective therapy for alleviating or preventing progression of this disease with minimal side-effect is required. 6 In the last decades growing evidences showed that investigators are interesting to find effective natural alternatives therapy in treatment of numerous diseases. 7 Although vary medical plants were used as traditional and self-care, there is lacked of sufficient information in efficacy and their possible side-effect on diseases and this issue made it one of the important problems faced by doctors. 8 Turmeric (Curcuma longa) is a perennial herb belonging to ginger family (Zingiberaceae). 9 The main biological activity of turmeric is related to curcumin which has commonly used as curry powder in Asian cuisine. 10, 11 Curcumin has a polyphenol structure and has been traditionally used as a household treatment for various diseases. 12 Several studies suggested that curcumin has antimicrobial, 13 anti-inflammatory, 14 antioxidant, 15, 16 immunomodulatory, 17 renoprotective, 18 anticancer, 19 hepatoprotective, 20 are acts through signaling pathways and regulating gene expression. 22 Although a large body of evidence in in vitro and animal studies have supported hepatoprotective activity of curcumin, 23, 24 results from single human study have remained inconclusive. Therefore, present review was aimed to provide summary and conclusive result for effect of curcumin/turmeric on NAFLD in compare with placebo in adult participants.
Methods
This study was registered on the PROSPERO (registration number: CRD42017077949) and the guideline of the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement was followed in writing this report. 25 
Databases and search strategy
The online databases PubMed (MEDLINE), the Web of Science, Cochrane Library, and Google Scholar were systematically searched until October 2017. The search term was used in combination with the wild-card '*' and Medical Subject Heading (MeSH) terms: (Curcumin OR Curcuminoid OR Curcuma OR Turmeric) AND (non-alcoholic fatty liver disease OR NAFLD OR nonalcoholic steatohepatitis OR NASH OR fatty liver OR fatty liver disease). References of selected studies and review articles were also checked to detect eligible trials that might have been missed.
Study selection
Two reviewers (A.H. and M.P.) screened all included study by title/abstract and selected potentially relevant studies for further assessment. Any discrepancy in study selection was resolved by third reviewer (F.J.). Studies were included if they were randomized control trials (RCTs) and assessed the effect of curcumin/turmeric on ALT or AST levels in compare with placebo in adult participants. Studies were excluded if curcumin or turmeric was administrated combined with other substances or lack of information about ALT or AST levels at baseline and/or endpoint.
Data extraction and risk of bias assessment
Eligible studies were reviewed by two researchers (A.H. and M.P.) independently and following data were abstracted: first author's last name, years of publication, study location, sample size, mean age of subjects, condition of participants, duration of study, dosage of intervention and main outcomes. Any disagreement was reached consensus through discussion with third investigator (F.J.). Furthermore, unclear information in included studies was unraveled by email to corresponding authors.
Risk of bias (ROB) in included citations were assessed using Cochrane Risk of Bias Tool. 26 The items include adequacy of random sequence generation, allocation concealment, blinding as well as detection of incomplete outcome data, selective outcome reporting, and other potential sources of bias. Judgment of each item was "Low", "High" or "Unclear" ROB.
Statistical analysis
Meta-analysis was performed by using the Cochrane Program Review Manager Version 5.1 (The Cochrane Collaboration, 2011, The Nordic Cochrane Centre, Copenhagen). To calculate effect size, ALT and AST concentrations were collated in UL/L. Heterogeneity was explored quantitatively by using Cochran's Q and I 2 statistics. In this regard, I 2 ≥ 50% (or P < 0.05) and ≥75% indicated substantial and considerable heterogeneity, respectively. 27, 28 When high heterogeneity exists, a subgroup analysis was applied to find out potential sources of heterogeneity. Potential publication bias was not applied due to low number of included trials. P-values < 0.05 were considered statistically significant.
Result
Primary search provided 2168 articles. After excluding duplicates, 1705 studies were screened by title/abstracts and 12 articles selected for further assessment. Of those, eight articles were excluded due to review articles (n = 2), curcumin administered in combination with other substance (n = 2), liver enzymes did not measure (n = 1), conducted on overweight participants (n = 1), study protocol (n = 1) and was not conducted on NAFLD (n = 1). Finally, four RCTs were included in analysis (Fig. 1). 
Characteristics of included studies
Characteristics of included studies are outlined in Table 1 . Four RCTs [29] [30] [31] [32] comprising 228 participants with 50 mean age were included. All trials had parallel design and were conducted in Iran. [29] [30] [31] [32] Treatment duration ranged between 8 and 12 weeks. Dosage was varied and ranged from 80 to 3000 mg/day. Three studies supplemented with curcumin 29,31,32 whilst one remains study 30 administrated turmeric. Ultrasonography was used for diagnosis of NAFLD in all studies.
Quantitative data synthesis
Meta-analysis of 4 RCTs did not indicate a significant effect of curcumin supplementation on reducing ALT blood levels (-7.47 IU/L, 95% CI: -16.17 to 1.24). However, a significant between study heterogeneity was observed (I 2 : 54%). Subgroup analysis showed a trend to significant reduction of ALT in subset in which dose of curcumin administration was ≥1000 mg/day (-11.36 IU/L, 95% CI: -22.75 to 0.02; I 2 = 51). Whilst, the effect of curcumin on ALT was not significant in subgroup with <1000 mg/day curcumin supplementation (-1.98 IU/L, 95% CI: -12.12 to 8.15; I 2 = 0). (Fig. 2 (A) ). Overall result of meta-analysis showed a significant lowering effect of curcumin on AST blood concentration with significant between study heterogeneity (-6.10 IU/L, 95% CI: -11.21 to -0.99; I 2 = 74). When studies were categorized based on duration of intervention, a significant reduction was observed in subgroup with 8-weeks study duration (-9.22 IU/L, 95% CI: -12.77 to -5.67; I 2 : 49%). No similar favorable effect was observed in other subgroup (-0.40 IU/L, 95% CI: -5.86 to 5.07; I 2 : 0%) (Fig. 2 (B) ). Due to high within-subgroup heterogeneity in subset from other subgroup analysis, we confined to present only aforementioned stratified analysis.
No serious adverse effect related to curcumin administration was reported from included studies.
Risk of bias and adverse events
Summary of risk of bias assessment on each included study are presented in Table 2 . Although random generation methodology was well-addressed in all studies, only 2 trials provided sufficient information about allocation concealment. Two studies reported adequate data for method which used for blinding design. All studies were showed low risk of bias according to incomplete outcome data and selective outcome reporting.
Discussion
The overall results of our meta-analysis suggested a possible efficacy of curcumin supplementation on management of elevated 
H: high risk of bias; L: low risk of bias; U: unclear or unrevealed risk of bias. Criteria defined for risk of bias assessment are according to the Cochrane guidelines. liver enzymes. Subgroup analysis showed a trend to significant reduction of ALT in sub-set with ≥1000 mg/day dosage of curcumin administration. It is possible that the favorable effect of curcumin may be dose-dependent and when administrated in high dose, it can affect as a NAFLD treatment. Also, subgroup analysis showed that curcumin can reduce AST in studies with 8-weeks intervention. Whilst, no significant effect was demonstrated in 12-weeks sub-set. This result might be due to optimal effect of curcumin in specific duration of supplementation. However, this finding erupted from low number of trials and should be interpreted with caution. Present meta-analysis as a primary finding indicated curcumin might have potential favorable effect on elevated liver enzymes in higher dosage (≥1000 mg/day) and especial duration. It could be promising for improving of liver functions in patients who suffer from NAFLD. Although we analyzed only effect of curcumin on liver enzyme, there was few evidences that shows curcumin may have a potential favorable effect on body mass index (BMI) 31, 32 and insulin 30 among patients with NAFLD. Because of small number of available studies, we could not able to further subgroup analysis and define effect of other variable.
There are several plausible mechanisms that suggest favorable effect of curcumin on liver function. Curcumin might ameliorate hepatic steatosis and block fatty liver disease progression through inhibiting fatty acids synthesis and biosynthesis of unsaturated fatty acids such as stearic acid, oleic acid and linoleic acid. 33 It can improve mitochondrial activity, facilitate ␤-oxidation and decrease lipogenesis. 34 In addition, reports have indicated that oxidative stress and immune system disorder plays important roles in contribute to liver dysfunction such as NAFLD. 35 In this case, curcumin can improve oxidative stress and prevent NAFLD by decrease production of reactive oxygen species, the hepatic protein expression of oxidative stress, pro-inflammatory cytokines, and chemokines such as interferon (IFN) ␥, interleukin-1␤ and IFN␥-inducible protein 10. 36, 37 Furthermore, it can inhibit liver damage in steatohepatitis via reducing the cytosolic and nuclear translocation of high mobility group box 1 (HMGB1) and nuclear factor kappa B (NF-B) as well as inducing of peroxisome proliferator activated receptor-gamma (PPAR-␥). 37, 38 Also, antioxidant property of curcumin is associated with inducing several anti-oxidant enzymes such as glutathione transferase, heme-oxygenase-1 and catalase. 39, 40 Based on Food and Drug Administration (FDA) report, curcumin supplement has been characterized as a generally safe alternative medicine and no serious adverse event was documented by curcumin supplementation. However, there are some possible curcumin interaction evidences with antiplatelet drugs, 41 camptothecin, mechlorethamine, doxorubicin, cyclophosphamide, 42 celiprolol, midazolam 43 and tacrolimus 33 that should be considered when it was consumed.
To the best of authors' knowledge, this is the first systematic review and meta-analysis of RTCs investigating the effect of curcumin on NAFLD treatment. However, some limitation should be considered when interpreting this meta-analysis. There were few eligible trials and the sample size was relatively small. Furthermore, the results of most studies were not adjusted for confounding factors. There are several evidences regarding the association between NAFLD and diet and lifestyle. [44] [45] [46] Unfortunately, these variables did not assess in most included studies. Therefore, findings may be confounded by these parameters.
In conclusion, this review suggests that curcumin/turmeric might have a favorable effect on NAFLD in higher dosage. Further long-term studies with higher curcumin dosage supplementation are needed to confirm these results. Curcumin is a natural safe therapeutic with low cost/effective ratio that can provide an adjuvant treatment along with decrease in severity of adverse events caused by using common pharmacological therapy. This finding provided better insight into curcumin supplementation in NAFLD treatment and helped developing comprehensive information for future RCT with high quality design.
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